s
ELECTION of genetically superior individuals to be parents of the next generation is hampered by environmental factors that tend to mask the actual breeding values of the individuals being selected. The contribution of these environmental effects to the total phenotypic variation should be minimized before estimating the genetic parameters (Hazel and Terrill, 1945a) . Factors known to predominate in determining sheep productivity under arid conditions are year of birth, age of dam, type of birth and rearing, sex and differences between breeds. In this study an attempt is made to evaluate each factor at several stages of the individual's life.
Material and Methods
Data were obtained on Navajo and Navajo cross-bred sheep raised at the Southwestern Range and Sheep Breeding Laboratory, Fort Wingate, New Mexico. Birth and weaning weights were observed on 3,264 lambs, yearling traits on 1,634 individuals born during 1950 to 1961, inclusive. Three breeding groups: Fine-wool (F), Coarse-wool (C) and Navajo (N), were developed using crossing or selection or both. Management practices were reported by Sidwell and Grandstaff (1949) , SidweU (1954) and Hall et al. (1964) . Lambs were weaned at approximately 120 days of age, yearling wool traits were measured at an average age of 365 days and yearling body weight at 400 days of age.
Traits studied were birth, weaning, yearling, grease fleece and clean fleece weights, staple length and fiber diameter. Fixed environmental factors investigated were year of birth, breeding group, type of birth and rearing, age of dam, sex and age.
Least squares procedures were used because of disproportionate subclass frequencies. Model I was:
Yijklmn:t~+ri-~-gj +ak-t-tl-t-Sm-Jrbl Xijklmn-[- eijklm,,, where tx is the overall mean and ri, gj, ak, tb Sm represent the effects of year of birth, breeding group, age of dam, type of birth and rearing and sex of the individual, respectively; bl is the linear regression coefficient on age in days, while Xijklmn is the deviation of the age of individual from the average age at measurement. The eijklmn is the error, the discrepancy between the datum and the sum of all effects included in the model.
Model II, used for weaning weight, included a term b2 x2(~jk~n) for the regression of weaning weight on birth weight, Xe being the individual's birth weight, expressed as deviation from the mean.
To obtain a unique solution for the ]east squares equations, the restrictions were imposed. Assumptions underlying the analysis of variance are those described by Eisenhart (1947) .
Results and Discussion
Years were highly significantly different for all traits studied, (tables 1 to 4), some being more profoundly affected than others. Weaning weight was more affected than birth weight. This is to be expected since weaning weight will fluctuate with such environmental factors as amount of forage and milk, but birth weight will be affected only indirectly through the condition of the mother. Body weight and clean fleece weight were the yearling traits most affected by year differences, followed by fiber diameter. It should be remembered that any genetic trend is confounded with year effects. Terrill, Sidwell and Hazel (1947) and Hall, Ruttle and Sidwell (1964) found that year of birth was among the most influential factors affecting yearling traits in sheep.
The percentage contribution of each environmental factor (table 5) to the total variation in a trait indicates only the relative importance or the ranking of these factors in this set of data, but might also be the general trend in other cases. 823 The breeding-group effects, which are mainly genetic differences were highly significant in all traits, except weaning weight adjusted to equal birth weights; especially in birth weight, grease fleece weight and fiber diameter. The fine-wool (F) breeding group sheared more grease fleece than either the Navajo (N) or the coarse-wool (C) groups, but less clean wool, probably due to shrinkage, than C. The F group was developed by crossing Navajo and Navajo cross-bred ewes to Targhee rams, a finer-wool breed; C being developed to produce weaving wool, by crossing Navajo cross-bred ewes to rams of coarsewool breeds, namely Lincoln and Cotswold.
Breeding-group effects were responsible for the largest single effect on variability in birth weight. F had the highest birth weight exceeding C and N by 0.07 and 0.79 kg, respectively. These differences increased until F exceeded C and N by 0.15 and 2.31 kg at weaning. However, a large part of these differences at weaning might be due to their heavier birth weights. Hence, when Model II was used and the linear effects of differences in birth weights removed, the corresponding differences were 0.01 and 0.34 kg, respectively. As yearlings, F lambs were still the heaviest, exceeding C and N by 0.40 and 2.90 kg, respectively. These results are in agreement with those reported by Hall et al. (1964) . Type of birth and rearing had the second most important influence on birth and weaning weights, but had little effect on yearling body weight and fleece traits. Under arid conditions such differences might be more important than under farm management. These findings are substantiated by those reported by Hazel and Terrill (1945a , 1946a ) Bogart et al. (1957 and Sidwell, Everson and Terrill (1964) . However, the effect of type of birth and rearing on weaning weight was considerably reduced when Model II was assumed. The difference between singles and twins was, accordingly, reduced from 6.25 to 4.48 kg, and that between singles and twins raised as singles from 2.73 to 0.59 kg; thus indicating that a part of this difference might be due to the heavier weight of singles at birth. De Baca et al. (1956) reported similar results. This factor showed significant effects, but to a lesser extent, on all yearling traits studied with the exception of fiber diameter. Age of dam exerts most of its influence on pre-weaning traits. Birth and weaning weights were affected by age of dam much more than was yearling body weight and fleece traits. Age of dam did not affect staple length significantly and was small, though significant, for fiber diameter.
Dams 8 or more years of age had lambs that were heavier at birth than all other groups. However, their lambs were lighter at weaning than those from 4 to 7 years of age. This could be due to better intra-uterine environment, while not providing as much milk. Selection pressure exerted on older ewes might be more intense, causing those surviving to give heavier lambs at birth. When adjusted to equal birth weights lambs from ewes 4 to 7 years old were heavier at weaning than lambs born to other age groups, again suggesting an advantage in milk production for these ewes. Blackwell and Henderson (1955) found that birth weight increased by 0.317 kg for each year increase in age of dam. At weaning they found a quadratic regression of weight on age of dam reaching a maximum near 5 years of age.
The effect of sex increased with age showing significance at each age. This was most noticeable for different body weights. Sex was responsible for 1.6, 3.5 and 27.9% of total variability in birth, weaning and yearling body weights, respectively. Such a trend in the effect of sex on body weights might be attributable to different physiological functions in the two sexes, mainly of a hormonal nature that tend to become more pronounced as animals approach maturity.
Rams exceeded ewes in all wool traits studied. Part of the excess in grease fleece and clean fleece weights obtained from rams might be due to the larger body surface of males. Rams had 1.10 cm longer staples than ewes. More intense selection being applied on rams, especially for staple length at weaning, might be another cause for such a difference. Terrill et al. (1947 Terrill et al. ( , 1948 observed that males exceeded females in body weight as well as in wool traits.
The partial regression of weaning weight on age was 0.171 kg/day. This regression coefficient approximates the average daily gain in a period of 50 days centered on the average age at weaning. Terrill (1945a, 1946a) and Sidwell and Grandstaff (1949) reported similar values. However, when Model II was used the regression of weaning weight on age increased to 0.203 kg/ day. Such ascent in the value of the regression, together with an observed negative correlation coefficient of --0.13 between birth weight and age at weaning, might suggest that lambs born later in the season had higher birth weights than those born earlier.
Ewes lambing late in the season might benefit from a longer period of grazing and/or supplemental feeding. Age when yearling traits were measured was significant for each trait. Body weight increased by .076 kg/day. The partial regression coefficients of grease and clean fleece weights, staple length and fiber diameter on age at shearing were .012 and .005 kg, .017 cm and .033 /x/day, respectively, being in good agreement with those reported in the literature.
The regression of weaning weight on birth weight was 2.45_+.11. Such a relationship could be beneficial for early selection and culling of lambs, especially those to be kept for breeding purposes. De Baca et al. (1956) found that the regression of weaning weight on birth weight was the most influential of all variables affecting weaning weight. This regression varied between 2.50 and 5.96 in their work.
Lambs that have heavier birth weights that might be due to being males, singles and/or from mature ewes, tend to achieve higher weights at weaning, partly because of the close relationship between both traits.
Summary
Twelve years of data on 3,264 lambs in three breeding groups of Navajo and Navaio cross-bred sheep developed at the Southwestern Range and Sheep Breeding Laboratory, Fort Wingate, New Mexico, were analyzed. Year, breeding-group, age of dam, type of birth and rearing, sex, age and lamb's birth weight, affected significantly all weaning and yearling traits with minor exceptions. Type of birth and rearing, age of dam, and breeding-group were most influential on weaning traits; sex and year of birth greatly affected yearling traits. Regression of weaning weight on birth weight was 2.45--+.11.
